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AUTOMATED IMAGE ANALYSIS ON PLAIN RADIOGRAPHS
T. Nishii, T. Shiomi, T. Sakai, M. Takao, H. Yoshikawa, N. Sugano
Osaka Univ. Med. Sch., Osaka, Japan
Purpose: Morphological indexes on plain radiographs is regarded
as the gold standard for assessment of severity and estimation of
prognosis in hip osteoarthritis; CE angle and Sharp angle are used
as major indexes for hip dysplasia, and joint space width as a po-
tent surrogate for progression of osteoarthritis. However, accuracy
and reproducibility of manual measurements of those indexes are
limited due to difﬁculty in determination of the center of the femoral
head and delineation of bony contour. We have developed a com-
putational program which allows automatic measurement of major
morphological indexes of hip osteoarthritis. We assessed feasibil-
ity of the automated image analysis for quantitative evaluation of
normal subjects and patients with hip osteoarthritis or dysplasia.
Methods: This study included 121 hips of 64 normal subjects
who showed no osteoarthritis ﬁndings and CE angle more than
20 degrees on plain radiographs (N group) and 226 hips of
176 patients with hip osteoarthritis or hip dysplasia. In normal
subjects, average age was 61 years and there were 26 men and
38 women. In patients, average age was 55 years and there were
13 men and 163 women. According to radiological ﬁndings, hips
of the patients were classiﬁed as pre-arthritis with only dysplasia
in 74 hips (P group), early-arthritis in 93 hips (E group) and
advanced-arthritis in 59 hips (A group). First, using the custom-
made software, an operator manually identiﬁed the following 5
seed points on an anteroposterior digital radiograph; bilateral
tear drops, lateral and medial rims of the aceatabular roof, and
approximate center of the femoral head. After the exact center of
the femoral head and bony contour of the acetabular roof and the
femoral head were automatically detected by a gradient algorithm,
CE angle, Sharp angle, overall minimal joint space width (O-
mJSW), and localized mJSW (L-mJSW) of lateral/center/medial
area of the weight-bearing were calculated (Fig. 1). We evaluated
successful rate of the automatic analysis, and compared the major
morphological indexes among N,P,E,A groups.
Figure 1. CE angle (A), Sharp angle (B), L-mJSW of lateral (a)/center (b)/medial
(c) area of the weight-bearing.
Results: The software successfully completed automatic analysis
in 94/82/78/83 % cases of N/P/E/A groups, respectively. Aver-
age CE angle and Sharp angle of the N/P/E/A groups were
30.1/12.4/12.7/13.2 degrees, and 39.1/47.2/46.7/46.3 degrees, re-
spectively. Average O-mJSW of each group was 3.6mm (1.7-
5.9)/4.5mm (2.1-5.9)/3.7mm (1.8-6.3)/1.5mm (0-3.3). O-mJSW of
the P group was signiﬁcantly larger, and O-mJSW of the A group
was signiﬁcantly smaller, than O-mJSW of the N group. In the
normal hips (N group), there was signiﬁcantly positive correlation
between CE angle and age, and signiﬁcantly inverse correlation
between Sharp angle and age (p<0.05). Men and older subjects
showed signiﬁcantly larger O-mJSW than women and yonger sub-
jects, respectively (p<0.05). As compared with the center and
medial areas of the weight-bearing, the lateral area of the weight-
bearing showed signiﬁcantly larger L-mJSW in the N and P group
and signiﬁcantly smaller L-mJSW in the A group.
Conclusions: The performance of the automated software ap-
peared satisfactory with successful rate over 80% even in cases
at advanced stages of osteoarthritis. Automated measurements of
the major morphological parameters of osteoarthritis, which are
less subjective than conventional, manual methods, are consid-
ered to be feasible for population-based epidemiologic investiga-
tions and monitoring osteoarthritic progression in clinical research.
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Purpose: Prior studies of MRI biomarkers of cartilage loss in
osteoarthritis (OA) suggest that to test agents that impact this
biomarker with statistical power would require large clinical stud-
ies of 1-2 years duration. Given the need for small, shorter duration
studies, the objective of this study was to investigate the potential
of using a population with knee OA at high risk of rapid medial
tibiofemoral progression in conjunction with advance image analy-
sis to identify a biomarker that could be used in 3-6 month disease
modiﬁcation “Proof of Concept” (PoC) studies.
Methods: We conducted a multi-centre, non-randomized study
at 4 sites in the US. Eligible participants were females, with a
BMI≥25 kg/m2, with symptomatic radiographic evidence of me-
dial tibiofemoral OA (K&L grade 2-3, medial JSN≥ lateral JSN),
and varus malalignment ≥-2° (anatomic axis), and pain. Eligi-
ble participants had 4 MRI scans of one knee: 2 MRIs (1 week
apart) were acquired as a baseline with follow-up MRI at 3 and 6
months. The OAI protocol for the index knee was deployed on 3T
Siemens Trio systems. A trained operator, blind to time-point but
not subject, manually segmented the cartilage from the DESSwe
MR images using EndPoint software (Imorphics). Anatomically
corresponding regions of interest were identiﬁed on each image
by ﬁtting a bone model, and the cartilage thickness (with areas
denuded of cartilage included as having zero thickness - ThCtAB)
within each region was calculated. The % change from baseline
at 3 and 6 months was assessed using a log-scale ANOVA model
including baseline as a covariate. The primary outcome was the
change in cartilage thickness within the aspect of central medial
femoral condyle exposed within the meniscal window (w) during
articulation, neglecting (n) cartilage edges (nwcMF.ThCtAB), with
changes in other regions considered as secondary endpoints.
Results: The 29 participants had a mean age of 62 years, mean
BMI of 36 kg/m2, with 8 index knees graded as K&L =2 and 21 as
K&L=3. Anatomical mal-alignment ranged from -1.9° to 6.3°, with
mean 0.9°, where varus mal-alignment is measured in the positive
direction. With one exception, no signiﬁcant changes in cartilage
thickness (with areas denuded of cartilage included as having zero
thickness) were detected at the 5% level for any of the regions
of interest on the tibio-femoral joint at 3 or 6 months of follow-up.
The 95% conﬁdence interval for the change from baseline did not
include zero for the cartilage thickness within the meniscal window
of the lateral tibia (wLT.ThCtAB) at 6 month follow-up (-1.5%, 95%
